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 
ABSTRACT 
 
This study was carried out to evaluate the effects of dietary essential oils of ginger (Zingiber officinale), black 
seed (Nigella sativa) and cone flower (Echinacea angustifolia) on the immune system of cultured rainbow trout, 
Oncorhynchus mykiss .A total of 360 fish were divided into 4 groups and 3 replicates each containing 30 fish. 
The fish were fed for 21 days with 1% of the herbal essential oils and with unsupplemented diet as the control 
group. Haematological and immune parameters including serum lysozyme, number of phagocytic bacteria, Hb, 
PCV, MCV, MCH, MCHC, number of RBC and WBC were studied. Treatments recorded enhancement in 
immune parameters compared to the control group. Significantly higher serum lysozyme level and phagocytic 
germs were detected in the groups fed black seed, ginger and cone flower (P<0.05). However, no significant 
difference was found in RBC, Hb, PCV, MCV, MCH and MCHC of fish fed the diets containing essential oils 
and the control group (P>0.05). The results of this study demonstrated that essential oils might strengthen the 
non-specific immunity of rainbow trout. 
 
Keywords: Nigella sativa, Zingiber officinale, Echinacea angustifolia, Immune response, Oncorhynchus 
mykiss 
 
RESUMO 
 
Avaliou-se a eficácia de uma dieta com semente preta (Nigella sativa), gengibre (Zingiber officinale) e 
Flor-de-cone (Echinacea angustifolia) sobre o sistema imunológico de truta arco-íris (Oncorhynchus 
mykiss) em cultivo. Um total de 360 peixes foram divididos em 4 grupos com 3 repetições cada, contendo 
30 peixes. Os peixes foram alimentados por 21 dias com 1% de óleo essencial herbáceo e com dieta 
comercial não suplementada como controle. Parâmetros imunes e hematológicos incluindo soro lisozima, 
número de bactéria fagocítica, Hb, PCV, MCV, MCH, MCHC, número de RBC e WBC foram estudados. 
Os tratamentos registraram a melhoria em parâmetros imunes comparados ao grupo de controle. Foram 
detectadas concentrações de lisozima no soro e germes fagocíticos significativamente altos em grupos que 
receberam semente preta, gengibre e Flor-de-cone (P<0.05). Porém, não foi encontrada diferença 
significativa em RBC, Hb, PCV, MCV, MCH e MCHC nos peixes alimentados com dietas contendo óleos 
essenciais e no grupo de controle (P>0.05). Os resultados deste estudo demonstraram que óleos essenciais 
podem aumentar a imunidade não específica da truta arco-íris. 
 
Palavras-chave: Nigella sativa, Zingiber officinale, Echinacea angustifolia, resposta imune, 
Oncorhynchus mykiss 
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INTRODUCTION 
 
Rainbow trout is one of the most important 
cultivated fish and is the most common 
cultivated species in many countries including 
Iran. In recent years, weak management of fish 
farms and intensively cultured fisheries has 
caused severe infectious diseases among fishes. 
A number of approaches have been applied to 
control the pathogens in fish farms including 
disinfection, chemotherapy and using antibiotics 
(Raissy and Ansari, 2011). Nevertheless, there 
are numerous harmful effects related to the 
excessive usage of antibiotics and disinfectants, 
which include some effects of residues in fish 
meat on consumers’ health and environmental 
hazards in waterborne applications. (Seung-
Cheol et al., 2007). 
 
On the other hand, the use of antimicrobials is 
not acceptable due to the potential for 
development of microbial resistance which may 
transfer to other bacterial species (Raissy and 
Ansari, 2011). Another approach to control and 
prevent the diseases in cultured fish is the 
application of immunostimulants to enhance the 
immune responses in a nonspecific manner 
(Seung-Cheol et al., 2007). Resistance to 
infectious diseases is increased by using 
immunostimulants which not only stimulate the 
acquired immune system but also enhance innate 
immune responses. (Dugenci et al., 2003). 
The use of immunostimulants in aquaculture is 
considered a modern and suitable alternative to 
antibiotics. 
 
These compounds are categorized into different 
classes such as bacteria or bacterial products, 
vaccines, immune system enhancing drugs, 
cytokines, lactoferin, lectins, animal and plant 
extracts (Mulero et al., 1998; Yin et al., 2006). 
These substances have been found to enhance 
non-specific immune responses through different 
pathways such as affecting phagocytic cell 
activity, natural killer cell activity, lysozyme 
levels, complement levels and immunoglobulin 
M (IgM) levels (Dugenci et al., 2003). Some of 
immune enhancers have been reported to confer 
a degree of protection against important fish 
pathogens such as Vibrio anguillarum, 
Aeromonas salmonicida or Yersinia ruckeri 
(Mulero et al., 1998; Baulny, 1996). However, 
some of these compounds could not be used 
because of some limitations such as high cost, 
limited effectiveness, low absorption and 
accumulation in fish body (Dugenci et al., 2003). 
 
Various medicinal plants and their derivatives  
are known for their immunostimulating 
characteristics. Nigella sativa, Zingiber officinale 
and Echinacea angustifolia are known  
to have many therapeutic properties in  
traditional medicine (Salem and Hossain, 2000). 
Their antibacterial, anthelmentic, antidiabetic, 
antioxidant and anti-inflammatory effects in 
animals have been investigated (Kanter et al., 
2003; Alishahi and Mesbah, 2012; Diab et al., 
2008; John et al., 2007), however, the effect of 
these plants on the immune system of rainbow 
trout is not well studied. 
 
Therefore, the aim of this work was to study the 
effects of essential oil of Nigella sativa, Zingiber 
officinale and Echinacea angustifolia added to 
the diet on the hematological and immune 
parameters of rainbow trout. 
 
MATERIALS AND METHODS 
 
A total of 360 healthy rainbow trout with average 
weight of 90±5 g were obtained from a local fish 
farm in Chaharmahal va Bakhtiari Province, Iran 
and acclimatized in aerated ponds for two weeks 
(water temperature: 12.8±1°C, DO: 7.6±0.2mg 
L
-1
, pH: 7.3±0.3, Ammonia: 0.002±0.0004mg L
-
1
, Nitrite: 0.01±0.005mg L
-1
). The fish were then 
randomly divided into four groups, each 
comprising of 90 fish (30 per replicate). Fish 
were fed a commercial diet three times daily for 
a period of 21 days. The essential oils were 
added to the experimental diet at a level of 
1g/100g of diet. At the end of the study, fish were 
anaesthetized with clove oil (150mg L
-1
) and 
blood samples were collected by caudal vein 
puncture. Half of each blood sample was 
transferred to a sterile vial containing heparin 
and kept at 4°C for hematological analysis. 
Another half allowed to clot for 2h at 4°C. The 
serum was separated after centrifuging at 2000 
rpm for 10min and stored at -20°C. 
 
Hematological parameters were determined 
according to routine laboratory techniques. The 
red blood cells (RBC×10
6
µl) and total leukocyte 
count (WBC×10
4
µl) were determined manually 
by haemocytometer with Hayem solution as 
diluent. The haemoglobin level (g dL-1) was 
determined with a spectrophotometer at 540 nm 
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by the cyamethaemoglobin method. Hematocrit 
(%) was determined by using microhaematocrit 
heparinized capillary tubes of 75µl volume and 
microhaematocrit centrifuge at 7000g for 10 min 
(Blaxhall and Daisley, 1973). 
 
Differential counting of white blood cells was  
performed after preparation of blood smear slides 
that stained with Wright-Giemsa. The Percentage 
of each WBC type was computed in at least 100 
white blood cells under a light microscope 
(Hoseinifar et al., 2010). The red blood cell 
indices including the mean values of cell 
haemoglobin (MCH, pg), cell hemoglobin 
concentration (MCHC, %), and cell volume 
(MCV, fL) were calculated according to 
Wintrobe (1993). 
 
Phagocytosis activity of white blood cells was 
determined by spectrophotometer according to 
the method of Seeley et al. (1990). This method 
is based on the measurement of congo red-
stained yeast cells (Saccharomyces cerevisiae) 
that have been phagocytosed by WBC. Yeast 
cells were stained by congo red and autoclaved, 
then a suspension of yeast: leukocyte with a 40:1 
ratio was prepared. In the next stage, 250µl of 
the WBC solution was added to 500µl of the 
suspension and incubated for 60 min at room 
temperature. One ml of percoll (1.055) was 
injected into the bottom of each micro tube after 
adding 1ml of ice-cold HBSS. In order to 
separate leukocytes from yeast, samples  were 
centrifuged at 850 rpm for 5 min. Then 
Leukocytes were  collected and washed twice in 
HBSS for two times. Subsequently, the collected 
leukocytes were incubated at 37°C overnight 
after re-suspending in 1ml trypsin-EDTA 
solution (5.0g/l trypsin and 2.0g/l EDTA, 
Sigma). Finally, the samples’ absorbance was 
measured at 510nm using trypsin-EDTA as a 
blank. 
 
Turbidimetric method described by Ellis et al. 
(1990) was used to measure lysozyme activity of 
the obtained serum samples. Briefly, 250mL-1 of 
each serum sample was added to aliquots 
(1.75mL-1) of Micrococcus lysodeikticus 
(Sigma, USA) suspension (0.375mg mL-1, 0.05 
M PBS, pH 6.2). Measurement of the samples’ 
OD was   carried out at 670nm after 15 and 180s 
by spectrophotometer (Eppendorf, Germany). 
One unit of lysozyme activity was  defined as the 
amount of enzyme that caused a decrease in 
absorbance of 0.001. 
The results were analyzed by one-way analysis 
of variance (ANOVA). Tukey's test was used to 
compare values by SPSS 18.0 statistical software 
(SPSS Inc., USA). The differences were 
considered statistically significant when P≤ 0.05. 
 
RESULTS 
 
The effects of the essential oils on blood cells, 
Hb, MCV, MCH, MCHC, hematocrit, serum 
lyzosyme and phagocytic activity are given in 
Tab. 1 and Tab. 2. According to the results, 
lysozyme level in the fish fed the essential oils 
were found to be significantly higher than the 
control group (P<0.05). The number of 
phagocytic germs in treatments were also 
significantly higher than the control group 
(P<0.05). Although leukocyte level in different 
groups was not significantly different, the 
percent of neutrophils and lymphocytes were 
found to be higher in the fish fed Nigella sativa 
diet comparing the control group (P<0.05). There 
was no significant difference in haematological 
parameters including RBC, Hb, PCV, MCV, 
MCH and MCHC of fish fed the diets containing 
essential oils and the control group (P>0.05). 
 
Table 1. Immunological parameters in fish fed diets containing essential oils and control group 
 Lysozyme 
(unit/ml) 
Lymphocyte 
(%) 
Neutrophil 
(%) 
Basophil 
(%) 
Eosinophil 
(%) 
Number of 
phagocytic 
germs 
Nigella 
sativa 
28.8±9.1a 72.8±2.6a 21.5±3.7b 0.5±0.02a 1.6±0.5a 17.6±5.1a 
Echinacea 
angustifolia 
23.3±9.1a 75±2.1ab 17.5±1.8a 0.6±0.5a 1.8±0.5b 19.5±4.8a 
Zingiber 
officinale 
28.6±7.6a 75±2.9ab 18.4±2.9a 0.6±0.5a 1.7±0.5a 20.7±3.8a 
Control 20.3±19.6b 76.5±3.3b 17.6±2.6a 0.5±0.05a 1.5±0.5a 12.5±3.8b 
Different letters indicate statistically significant differences for multiple comparisons within a parameter (P=0.05). 
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Table 2. Hematological parameters in fish fed diets containing essential oils and control group 
 WBC 
(10
3
) 
RBC 
(10
6
) 
Hb 
(g dL-1) 
PCV (%) MCV (fL) MCH 
(pg) 
MCHC 
(g/dL) 
Nigella 
sativa 
16.2±0.1a 3.5±0.4a 10.3±0.4a 41.1±5.4a 115.1±9.2a 29.2±3.4a 25.4±2.8a 
Echinacea 
angustifolia 
17.1±0.2a 3.7±0.2a 9.6±0.5a 41.8±2.9a 114.2±12.5a 28.2±4.3a 24.7±3.3a 
Zingiber 
officinale 
18.6±3.2a 3.3±0.3a 9.4±0.6a 39.7±4.4a 117.9±20.3a 29.3±3.1a 24.9±4.1a 
Control 16.3±9.5a 3.3±0.4a 10.03±0.7a 39.3±4.5a 113.6±22.08a 28.2±5.2a 24.1±4.3a 
Different letters indicate statistically significant differences for multiple comparisons within a parameter (P=0.05). 
 
DISCUSSION 
 
The application of medicinal plants and their 
derivates as immunostimulants in fish culture is 
an effective and safe method to enhance the 
immune responses against pathogens during 
periods of stress, such as intensive farming 
culture, grading, vaccination and reproduction. 
Hematological parameters provide an index of 
the physiological status of fish. The number of 
red blood cells, leukocytes, hematocrit and 
hemoglobin are from the tests that could be 
performed in fish farms to evaluate the health 
status of the stock. In this study both 
hematological and immunological parameters of 
rainbow trout fed the diet containing Nigella 
sativa, Zingiber officinale and Echinacea 
angustifolia were studied. 
 
The results of this study revealed that feeding 
rainbow trout with 1% dose of black seed, ginger 
and cone flower for 21 days stimulates some 
non-specific immune parameters which is in 
agreement with the results of other studies 
(Dugenci et al., 2003; Altinterim and Dorucu, 
2013; Awad et al., 2013; Haghighi and Sharif 
Rohani, 2013). Altinterim and Dorucu (2013) 
reported the Immunostimulatory effects of black 
seed administered by different methods in 
rainbow trout. According to their results, 
smearing the extracts up the lateral line of fish is 
the most efficient method to enhance immune 
parameters comparing to ip-injection and dietary 
supplementation as the highest levels of red and 
white blood cells, PCV and NBT were observed 
in directly exposed fish. 
 
In the current study, neutrophil population in fish 
which received essential oils were higher than 
the control group. Neutrophils in the black seed 
group were found to be statistically higher than 
other groups (P≤0.05). Neutrophils play a critical 
role in non-specific defense mechanisms in fish. 
These cells increase during infectious diseases 
and directly attack microorganisms and other 
foreign toxic materials. It seems that an increase 
in neutrophil population is a similar pathway to 
some medicinal plants to enhance non-specific 
immune system as the use of nettle has resulted 
in a significant increase in the number of 
neutrophils after 4 weeks. Haghighi and Sharif 
Rouhani (2013) reported an increase in 
neutrophil population in rainbow trout fed ginger 
compared to the control group. Awad and Austin 
(2010) also reported an enhancement in rainbow 
trout neutrophil population after feeding with 
lupine, mango and nettle. Similar results have 
been reported by Binaii et al. (2014). Despite the 
increase of neutrophils, leukocyte levels in fish 
fed the herbal essential oil added diet were not 
significantly different compared to the control 
group. Statistically significant differences 
(P≤0.05) between phagocytic activity of blood 
leukocytes in experimental groups and the 
control group confirming previous findings. A 
variety of medicinal plants are known to 
stimulate phagocyte cells including ginger, 
garlic, curcumin and turmeric (Dugenci et al., 
2003). However, no previous study on the effects 
of ginger, black seed and cone flower on 
phagocytic activity of leukocytes in rainbow 
trout was found. The increase in the number of 
neutrophils and also the phagocytosis ability will 
result in significant enhancement of the immune 
system of fish. 
 
Serum lysozyme is an important component in 
the immune system of fish, lysing peptidoglycan 
layer of Gram-positive and some Gram-negative 
bacteria. It also has an important role in the 
activation of phagocyte cells by acting as an 
opsonin (Bilen et al., 2011). 
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The results of this study revealed a significant 
increase in serum lysozyme levels in fish fed the 
diet containing the essential oils compared to the 
control group (P<0.05). Similar results were 
reported by Awad et al. (2013) as feeding 
rainbow trout with black seed oil for two weeks 
led to significant enhancement in serum 
lysozyme. The lysozyme level was found to be 
increased with dietary Cotinus coggyria and 
Zingiber officinal in rainbow trout (Bilen et al., 
2011). 
 
The increase of hemoglobin and hematocrit 
levels have been reported in rats fed black seed 
(Zaoui et al., 2002). In this study, no statistical 
differences were found in haematological 
parameters including RBC, Hb, MCV, MCH, 
MCHC and Hct levels between fish fed the 
essential oil supplemented diet and the control 
group (P>0.05). 
 
CONCLUSION 
 
The results of this study indicate that Nigella 
sativa, Zingiber officinale and Echinacea 
angustifolia essential oils are able to enhance 
some non-specific immune parameters in 
rainbow trout. However, further studies should 
be done to determine the optimal dose, effects in 
combination with other immunostimulants and 
treatment duration. In general, this study 
suggests that herbal essential oils can be applied 
to increase the immune system of rainbow trout. 
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